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ADVANCE RESTRICTED REPORT

AN INVESTIGATION OF AIRCRAFT HEATERS
XIX — PERFORMANCE OF TWO FINNED-TYPE CROSSFLOW

BXHAUST GAS AKXD AIR HEAT.EXCHANGERS
By L. ¥. K. Boelter, A, G, Guibert,

J. M. Rademacher, and L. J. B, Sloggy

SUMMARY

Data on the thermal performance and the static pressure
drop characteristics of two finned-type exhaust gas and air
heat exchangers are presented. One heater was constructed
of copper and stainless steel, the other was congtructed
entirely of an aluminum alloy. Two different shrouds were
used in the tests on each exchanger.

The exhaust—~gas weight rates used in the tests varied
from 1860 1b/hr to 5700 1lb/hr, and the ventilating—air
weight rates ranged from 1000 1b/hr to 4500 1b/hr. Static
prressure drop measurements were made across the exhaust—
gas and ventilating—air sides of the heater under isothermal
and non—isothermal conditions.

The measured thermalloutputs and static pressure drops
are compared with predicted magnitudes,

INTRODUCTION

The two finned—type exhaust gas and air heat exchangers
were tested on the large test stand of the Mechanical Engi-
neering Laboratories of the University of California. (See
description of this test stand in reference 1.) These
heaters are designed for use in the exhaust—gas streams of
aircraft engines for cabin, wing, and tail—surface heating
systems,

N omm o ———— [ —— . - L




NACA ARR ¥o. 4H21 5

The following data were obtained:

l. Weight rates of exhaust gas and ventilating air
: through the respective gsides of the heat ex—
changer,

2. Temperatures of the exhaust-gas and ventilating:
air at inlet and outlet of heater

3. Temperatures of the heater surfaces
4, Static pressure differences across the exhaust—
gas and ventilating—air sides of the heat ex—
changers for isothermal and non—isothermal
conditions
This report is one of a series of advance restricted
reports that describe research being conducted on aircraft

heat exchangers at the University of California under the
sponsorship of the National Advisory Committee for Aeronautics.

SYKBOLS
A area of heat transfer; and cross—sectional area of
one fin, ft=
Acg cross—sectional area of flow for either fluid, ft°

Ay cross—sectional area of flow for either fluid, meas—
ured within the heater, ft=2

Ay area of heat transfer measured over the unfinned sur—
faces, ft=°

A,y cross—~sectional area of flow taken at the inlet pres—
sure measuring station, ft2

Ag cross—sectional area of flow taken at the outlet pres—
sure measuring station, ft°

Cp, heat capacity of air at constant pressure, Btu/ld °F

ch heat capacity of exhaust gas at constant pressure,
Btu/1b °F



NACA ARR No. 4E21 ' 3

D hydraulic diameter, ft

fe unit thermal convective conductance (average with
length), Btu/hr £t2 OF :

feg unit thermal convective conductance for the vent%~

' lating air (average with length), Btu/hr ft% °F

fcg unit thermal convective conductance for t%e exhaust
gas (average with length), Btu/hr £t2 °F

fcu unit thermal convective conductance over the unfinned
surfaces of the air side using the hydraulic di—
ameter D as the significant dimension in equation
(6), (average with length), Btu/hr ft2 °F

(fch)e "effective" thermal conductance of a finned surface,

Btu/hr °F
(ch)u thermal conductance of the unfinned portion of the
finned surface, Btu/hr °F

g gravitational force per unit of mass, 1b/(1b sec?/ft)

G weight rate of fluid per unit of area, 1b/hr ft2

Gy weight rate of fluid per unit of area taken at a
section over the unfinned surface, 1lb/hr ft2

k thermal conductivity of fin material, Btu/hr ft2 (°F/ft)

X isothermal pressure drop factor defined by the equa—
tion A&E - g 3m®

Y zg

l significant dimension in equations for f, along a
flat plate; and the length of a fluid passage
measured from the entrance, ft

L length of a fin projecting into fluid stream, £t

n number of fins on either side of heater

P heat transfer perimeter of one fin (parallel to Dase
of fin) on either side of heater, ft

Qg measured rate of enthalpy change of ventilating air,
Btu/hr or k Btu/hr (= 1000 Btu/hr)?

*k Btu designates kilo Btu
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Qg measured rate of enthalpy change of exhaust gas,
Btu/hr or k Btu/hr (= 100C Btu/hr)
iév arithmetic average mixed mean absolute femperature
‘ +
of fluid -4 2-33 , °R

Tiso Rixed-mean absolute temperature of fluid for iso—
thermal pressure drop tests, °R

T, mixed—-mean absolute temperature of fluid at entrance
section (point 1), °R

T, mixed—mean absolute temperature of fluid at exit
section (point 2), °R

Up mean velocity of fluid at minimum cross—sectional
area of fluid passages, ft/sec

)
U over—all unit thermal conductance, Btu/hr ft® °F

(UA) over—all thermal conductance, Btu/hr °F

W weight rate of fluid, 1b/hr

Wa weight rate of ventilating air, 1b/hr

We weight rate of exhaust gas, 1lb/hr

Y weight density of filuid, 1b/ft?

Yl weight density of fluid at entrance to heating sec—
tion (point 1), 1b/ft°

LP static pressure drop, 1b/ft®

APt static pressure drop (heater plus ducts) on venti-—

lating—air side, inches H 0

APg! static pressure drop (heater plus ducts) on exhaust—
gas side, inches HQO

APRyuet isothermal static pressure drop- across inlet and
outlet ducts of the air shroud or of the heater

1b/£42 (4P'gyucy = inches H_0)
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APhtr

APiso

Re

issthermal static pressure drop across the heater
passages only, 1b/ft® (AP'j.. = inches H_0)

total isothermal static pressure drop across heater
and ducts at temperature Tiq,, 1b/ft?

(AP';4o = inches H_0)

isothermal friction factor defined by the equation
AR _ g 1%

¥ T 2

mean teamperature Aifferenece for crossflow as-de—
fined by equation (43) of reference 2, °F

viscosity of fluid, 1b see/ft®

mixed-mean temperature of ventilating air at en—
trance section (point 1), °F

mixed—mean temperatureoof ventilating air at exit
section (point 2), °F

nixed—mean temperature of exhaust gas at entrance
section (point 1), ¥

mixed—mean temperature of exhaust gas at exit sec—
tion (point 2), °F

heater effectiveness for crossflow used in equa—
tion (46) of reference 2

Reynolds number = GD/3600 p g

Subsecripts

h, htr

ventilating—air side

convective conductance
cross—-sectional areas

"effective" thermal conductances
exhaust—gas side

heater
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igo isothermal conditions
non—iso non—isothermal conditions
u unfinned surfaces

x crossfiow

DESCRIPTION OF THE HEATERS AND OF THE TESTING PROCEDURE

The finned—type heat sxchangers tested were crossg—
flow units with longitudinal fins in the exhauvst—gas side
and with short strip fins (5/32 in.. deep) of 0.045—inch

thickness on the air side. (See figures 1 to 5,

One heater consists of a folded stainless—steel shell,

the folds forming the longitudinal fins in the exhaust—gas
side. Strips of copper which are attached (brazed) inside
these folds form the fins on the air side. The strips are
cut at approximately 5/32—inch intervals and the sections
twisted so that the fins are parallel to the flow of air.
The strip fins on the ventilating—air side are 14 inches
long and the longltudlnal fins on the exhaust—gas side are
12 inches long and 133 inches deep (along the length of the
heater) with tapering ends., There are 27 fins on the ex—
haust—gas side and 62 fins per row (27 rows) on the air
side, giving a total of 1674 fins on the air side,

The other heater consists of a folded aluminum—alloy
shell, the folds again forming longitudinal fins in the
exhaust—gas side. Strips of aluminum alloy are attached
(welded) in the folds, cut at approximately 5/32—inch in-
tervals and twisted sc¢ that they are parallel to the alr
stream. The fins on the alr gide are 14 inches long and
those on the gas side are Lw 1nches long, the over—all
depth of the gas—side fins being 13% inches. Since there
are 26 fins on the gas side and an average of 58 fins per
row (26 rows) on the air side, the total number of fins
on the air side is 1508 fins,

Of the two air shrouds used on both heaters, one,
referred to as UC-l, was designed to give full—crossflow
characteristics; whereas the other, referred to as A7,
was designed to give "circumferential—flow" characteristics.
The latter shroud is a crossflow unit with inlet and outlet
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ducts which are parallel to the heat exchanger. The inlet
duct contains vanes which change the direction of flow of
the ventilating ailr, bringing it perpendicular to the heat
exchanger. The shroud then guides the ventilating-air
around the heat exchanger for almost 360°, This type af
flow will be termed circumferential flow. Diagrams and
photographs of these heaters and shrouds are shown in fig-—
ures 1 to 5,

Calibrated square—edge orifices were used for the
measurements of the weight ratees of the exhaust gas and
ventilating air.

The temperatures of the exhaust gas were measured
with traversing shielded thermocouples. Unshielded trav—
ersing thermocouples were employed for the measurement of
the ventilating—air temperatures.?

Temperatures of the heater surfaces were measured at
several points near the entrance to the heater. Static
pressure—drop measurement were made across the ventilat—
ing—air and exhaust—gas sides of the heaters. Two taps,
180° apart, were installed at each static pressure measur—
ing station. Heat transfer and pressure drop data for the
two heat exchangers using the two air shrouds are presented
in tables I to X. Plots of these data as functions of the
weight rates of the ventilating air and exhaust gas are
rresented in figurcs 6 to 19.

METHOD OF ANALYSIS

Heat Transfer

The thormal output of the heater was determined from
the enthalpy change 0f the ventilating air:

Ga = Wa oy (Ta = T,o)) (1)

inmmichgcpa’Was evaluated at the arithmetic average venti—

lating—air temperature as an approximation. 4 plot of q,

1Because this thermocouple was not shielded from radiation
to the relatively cooler duct walls, the measured tempera—
tures are slightly lower than the true air temperature. A
calculation shows the error to be less than 1 percent of the
tenperature rise of the air as 1t passes threugh the heater.
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agninst Wa for constant values of the exhaust-gas rate
(WF) is shown in fipurss 6 to 9.

- For the exhaust-gas side of the heater:

Qg = Wg Cn (Tg - ng) (2)

g 1
The over-211 thermal conductance (UA)  was evaluated

from the expression.
gy = (UA) & tpy (3)

where At; . is the mean effective temperature difference
for crossflow of fluids. This term is shovwn /ravnhicelly
in reference 2 as a function of the terminal temperatures
of the exhaust gas and ventilating air.

The variation of (UA) with W, and with W, is
shown in figures 10 to 13, The thermal output of the

heater for valves of Ath other thian those used here

may bte predicted by determining (UA) at the desired
weight rates from figures 10 to 13 and uveing these magni-
tudes in equation (3).?

Predictions of the magnitudes of the over-all thermal
conductances (UA) were attemvpted. The exnression

. 1
(VA = oooiom oo (%)
“1,> R
foA o foA Jeg

vas used {reference 2, eauation 47).

The terms (£, 4),, and (f_A)_ . (the eoffoctive thesrmal
conductances for finned surfaces iﬁbthe air and gas sides
of the heater, respectively) ars determined frcm the equa-—
tion [reference 2, equation (35)]:

s e n G ey em e e e S e et m e e e e e e ek tme e b e T Bap e % e e e T - ——— p P e - -t e - e — o - = o .

1This method of correction does not take cosnigance of the
variation of (UA)} with the ftempersture of the fluids

. Q.a9s .
(fc © Tav ¢ Y. For a more comnlete method of correction
of (UA), see apvendix A,
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- fc

o ;
 (feh)e = n o £.PkA  tanh]

e T ] + foy 4u  (5)

where n is the number of fimns, £y the unit thermal

convective conductance along the fin, P +the perineter

of the fin (parallel to base of fin), k the thermal con-
ductivity of the fin material, A the cross—sectional
area o f the fin, I the length of the fin (projection

of fin into fluid stream), A, the unfinned heat trans—
fer area, and fg, the unit thermal conductance over the

unfinned surface.

The unit thermal convective conductances f,, and
ng on the ventilating—air and exhaust—gas sides were
evaluated from the folliowing equations:

(a) For the ventilating—air sides (see reference 2)

1. Unfinned surfaces

008
_ -y ., 0.298 !
fey, = 5.56 X 10 Tov = (6)
D
2. Finned surfaces (see reference 2)
—~4 0.0 Go-®8
£fg, = 9.86 x 1077 T57°° o3 (7)

(b) Por the exhaust—gas sides: (finned and unfinned
surface) (see reference 2).

0.8
_ 4 0.298 G- D
fog = 5.56 X 107" T3 ey (1 + 1'3'“T> (8)

In these equations D is the hydraulic diameter,
is the depth of the fins in the direction of fluid flow,
and G and Gy are the weight rates per unit of area
corresponding to the cross—sectional areas at the sections
concerned; that is, the finned and unfinned surfaces,
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Bauations® (6) ard (&) are valid for the calculation
of the unit thermal conductance £, for forced convec-—

tion in smooth straight duects, but they are anplied here
“as-an smnroximation, inasmuch ags 1little is known about

the relation batween the mechanisms of fluid and heat flow
when the turbuleunce is 'of the tyme occasioncd by large
cddies. Equationl (7) is valid for the determination of
the unit thermal conductances £, along a flat plate in
the region downstream from the woint where the flow in the
retarded layer along the plate has charnged from laminar

to turbulent flow, This equation is applicabla here he-
cause Wwith great turbulsnce in the stream the point of
transition from a laminar to a turbulent boundary layer
aprroaches the front cdrse of the nlate, thus making the
fraction of heat transferrcd through the laminar boundary
layer small in comparison with that transferred through
the turbulent boundary laver (which extends over ths re-
nainder of the nlats).

Sample_calculation. ~ Data taken from run no. 1lH,

table I, for the aluminum-nlloy hzater using the full-

crossflow (UC-1) shroud;
1. Air side
{a) Unfinned surface

The uwnit thermal corductancas alon~ the surface be-—
tween the fin rous

~0.8
_ - —4 n0.296 U __
cuq = 957 x 1077100 373
oy 4+ 15 -
Averaye temnsrature T, = 23.% 128 + 480 = 591° R
o o
v 2650 1b/hr
Jeisht rate mer wnit arua Gy = - = ——§————Z-~
ALg 2.325 £
= 3160 1v/hr ft~°
A
Hydraulic diameter D = Y X —eeo_ 88 ___.
wetted perimeter
=4 x 92325 _ 0. 006 rt

11n reference 2 and alsoc i: 11 future revorts of the :
series, the exyponent of T(0.295) has bezsn chanzed to 0.3.
The coefficiaents in thr cquaticns have bsen channed corre—
spondin~ly, ’

LB
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0.296 (8160)°°
(0.226)%%

. |
e
]
|

= 5,56 X 10™* (591)

6.64 Btu/hr £t° °F

Unfinned heat transfer area . Agg = 1.91 fg®
then (fod)y, = 12.7 Btu/hr °F

(b) Finned surface and unfinned surface

The effective thermal conductance

by g oo
fe.

. r o
‘ { [feP
(fchleq = n o P kA tanhf_/-ﬁ- L] + (fold)ys

The uvwnit thermal conductance along the fins (turbu—
lent boundary layer)

0.296 GO.B

av GE=)
4

fo 9.36 X 10~% 1

a

Tovy = 591° R
Weight rate per unit ares between fins

W :
¢ = 2 . 2650 1b/ar _ .., 1b/hr £t2
des 0.302 ft?

(cross—~sectional area (A.q) is taken as that be—
tween fins)

The depth of fins in direction of air flow
1 = 0,0130 £t (5/32 in,)

s (g770)°®
(0.0130)°%%

{

' c . 0.28
so  fe, = 9.36 X 10°* (591)

21.2 Btu/hr £t2 °F

i
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Number of fins n = 1508
Perineter of one fin P = 0.0Z37 ft
Thermal conductivity of fin material

o]
k = 135 Btu/br f£t2 <¥%> |

-

Cross—sectional area of one fin A = 4.87 X lO’”5 £t~
Length of one.fin L = 0,104 ft

The effective thermpl conductance on air side is:

-
L-2 X 0:0337 . 0.104+(f)y,

| /
1508 +/21,2X0.0327 X 125 X 4.87 X 10-5 vann / 2 -
135X 4.87 X 10—

(fch)ea = 82.4 + 12.7 = 95.1 Btu/mr °F

2. Exhaust—gas side

The effective thermal conductance

r/7~-'1-.5
= ;‘ .LC
(fCA)eg ancg Pk A tanl"“ ——g——kA L ] + fop Ay

Unit thermal conductance

- —4 o298 GO°8 D\
fcg = 5.56X10 Tav 5"6:5—- (l + 1.1 ""I"'/

Average temperature Tov = 968*%~§22 + 460 = 1380°°R

Vg _ 2050 1b/nr

Weight rate per unit areé & =
Acs 0,109 ft=

= 18,800 1b/hr £t®

;&cs

Hydraulic diameter D = 4X .
weltted perimeter

i

a4 x 92309 - 5 0sva £t
6.48
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Depth of fins
. N
{1+ 1.1%&) =
\

fe

Heat transfer ares between fins

Number

Heat

4H21

of finsg

transfer perimetor of one fin

13

0.940 f4

1.08

(18,800)°®

5.56 X 10°% (1380)%%%% x
(0,0674)0E

X1.08

Il

g

]

23.0 Btu/ur £t2 °F

Ay = 1.39 ft°

n = 26

P = 1,91 ft

Thermal conductivity of fin material

LI

O

Crosgs—sectional area of one fin

Length of fin I =

folly, = 23.0x1.39 =

(foa)
cte,

155 Btu/ur ft2

~
(o

\ £t/
A= 0,0123 ft°
0.099 ft

%.20 Btu/hr °F

26/ 23.0Xx1.91X15.5X 0.0123 tanhv/

3. Over—all

(va)

il

The value of
was (see

23,0 X 1.91
1.55X 00,0123

X 0,099 + 23.0%X1.39

il

106 + 32

it

137 Btu/hr °F
thermal conductance

1 1

1 1 1 1
fad + (fa4) +
(fet)en + (fohle, 95.1 137

56.% Btu/hr °F

(UA) obtained from the laboratory data

fig., 10).

ey
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(VA) = _3a_ _ 146,800 Btu/br _ 59,3 Btu/hr °F

A px 790° F
. -~ where At ., is the effective mean temperature

difference for crossflow. A graphical solution
Atpxs Pased on the terminal temneratures of the

exhaust gas and ventilating air, is presented in
figure 31 of reference 2.

Pressure Drop

Isothermal pressure drop
1. Ventilating~-air side

Trhe isothermal static pmressure drops across the
air side of the heaters were calculated in the
following manner:

(a) For heat

(')

with UC-1 shroud:

The static wressure drop in the ducts of the
shroud (entrance and exit sections) was
neasured at diffecrent air rates (see ref-

erence 3, table VII), and tren a lomarith—
mie nlot of APg,.4e a&ainst YV, was vsed
to ohtain &Pdwcts at any given welight
rata, This value of AP3yotg WAS sub-
tracted from LPyg o the sum of the static
pressture drep across the hizatesr alone:

LPpgy = bPigq = LPgucts (9)

A "head loss coefficient! (X) for the shroud
vas computed from sduation (10) telow, in
order to zvaluante the effect of the complex
flow pattern which exists on the air side:

AP,

—— e -

ntr Uy, 2
= K ..XB... (10)
2g

The value of X was computed (see tadble V)
to be about 3.5 for the coprer-stainless
steal heater and Y.,9 for the alvminum-2lloy
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heater {see references 3, 4, and 5 for
corresponding values for other heaters).

(b) Por heaters with the A—7 shroud:

The shape of this shroud was so complex that
the pressure drop in the ducts alone could
not be obtained readily, and consequently
a head logs coefficlent was calculated
on the basis of the over—all static pres—
sure drop measured across the unit (ducts,
shroud, and heater). The value of X
(see table V) was computed to be approxi—
nately 7.9 for the copper—stainless steel
heater and 6.1 for the aluminun—alloy
heater.

2. Exhaust—gas side

The isothermal static pressure drops across the
exhaust—gas sides of the heaters were obtained
as follows: '

(a) The static pressure &rop across the inlet and
outlet ducts of the gas side (approximately
1/3 thhe magnitude of the over—all static
Pressure drop, was measured as a function of
the weight rate. These values of APducte
were then used to obtain the static pres—
sure drop across the heater alone, accord—
ing to the equation:

LPpsr = LPigo — APgucts (9)

where APjgo 1is the over—all measured

static pressure drop. The values for
OPptp are given in table VI, and those

for APjqp are plotted in figures 18
and 19,

A "head loss coefficient defined to include
both friction and other losses was computed
on the basis of equation (10). The value
of X was of the order of 0.87 for the
exhaust—gas side of esach heater.

An attempt was made to predict the static
pressure drop across the gas side of
the heater alone. The procedure fol—
lowed was to compute the frictional
pressure drop in the heater by use of a
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stitadle friction factor (Q), a hy-
draulic diameter (D) and a mean length
(1) 1in the Weisbach equation:

um""

AP 1 ;
el - == - (11
-TYT 6 D 2 ( )

Then, the contraction and expansion losses
caused by the changes in area due 0 the
presence of fins were obtained by use of
the equation (similar to equation 11):

w
& = x ¥’ (12)
28

where K is a head loss coefficient the
value of which was approximated vy consider—
ing 1t as the coefficient for sudden
changes in area. The sum of all these pre-
Gicted pressure drops was then comparcd
with the experimental value of APnty

obtained according to equation (9).

For the copper—stainless steel heater the agreement
between these predicted values and the experimental values
obtained from equation (9) was within approximately 25
rercent, and the agreement was within 10 percent in the
case of the aluminum—alloy heater.

Non—isothermal pressure drop.— The non—isothermal

static pressure dropy across the air and gas slides of the
heat exchangers was predicted from the isothermal measure—
ments by means of equation (54), reference 2:

- 1.3 " a2 g 2
. T P AR T, Ay 2
APnon~iso==APi$o( 2z } *'( ¥ ) x i =+ 1) — b -+1)]
T 3600/ 2gVY,An® _\ 4,° T AR

150/ 1
(13)

in which APjgo 1is the measured over—all isothermal static
pressure drop a% the temperature Tig5o; Ty, and T, ale
the mixed—mean absolute temperatures of the filuid at the

inlet and outlet of the heater, respectively; Tav is
the arithmetic average of T, and T,; W is the fluid

weight rate; 7Y, is the weight density evaluated at tem—
rerature T; of the fluid at the inlet to the heaber;




NACA ARR No. 4H21 17

Ay is the cross—sectional area of flow within the heater;
A; 1is the cross—gectional area at the inlet pressure meas—
uring stationj; and A, is the cross—sectional area of flow
at the outlet pressure measuring station.

4 comparison of measured and predicted non—isothermal
static pressure drops across each side of the respective
heaters is presented in tables VII to X and is shown graph—
ically in figures 14 to 19.

DISCUSSION

The results of the tests on the two finned—type heat
exchangers are shown graphically. The results obtained
for the copper—stainless steel heater are shown in fig-—
ures 8, 9, 12, 13, 16, 17, and 19, and those for the
aluminumn—alloy heater are shown in figures 6, 7, 10, 11,
14, 15, and 18. Each heater was tested using the circumn—
ferential—flow shroud (designated as A—7 in the figures)
and the full—crossflow shroud (designated as UC—1 in the
figures).

The corresponding physical dimensions of the two
heaters are approxinmately equal (see figure 5). The main
difference is that the metals used in the construction of
the heaters have dissimilar thermal conductivities. There
are differences, also, in the number of fins on each heat—
er;.and, furthernore, the fins on the exhaust—gas side of
the copper—stainless steel heater taper more sharply at
the ends than do those of the aluminum—alloy heater (see
figure 5).

The two shrouds exhibit differences not only in con—
figuration and in flow characteristiecs, but also in the
cross—sectional areas of flow: the area of the circum—
ferential—flow air shroud (A-7) Dbeing 0.0985 ft° and
that of the full cross—flow air shroud (UC~1) being
0,262 ft2, A further difference, of course, is that the
flow path for the circumferential—flow air shroud is twice
as long as that for the full—crossflow shroud.

Heat Transfer

Because of the similarity of construction of the two
heaters, examination of the data should reveal what effect
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the variation of the conductivity by the use of different
metals and variation of the configuration of the air shrouds
has upon the performance of the unit. This information can
"be obtained from a comparison of results taken from the
data at a particular weight rate of exhaust gas and venti-—
lating air.

Heater Air shroud Ws ' (ua) Pa g
: (1v/hr) (1b/nr) (Btw/br %F) (in. H0) (in. H,0)
Copper—stainless
steel A7 5650 2500 140 20.0 15.0
UC-1 5650 2500 86 ., 1.92 15,0
Aluminum—alloy A7 5660 2500 100 10.0 16,2
Uc-1 5650 2500 & 1.68 16,2

The foregoing table is not the correct basis for com—
parison because the temperatures of the exhaust gas which
obtained during the tests on the copper—stainless steel
heater were higher than those which obtained during the
tests on the aluminum—alloy heater (1600° as against 100C°F),
Because of thig difference in the average fluid temperature
on the gas sides, the values of (UA) should be corrected,?
but it can be shown (see appendix A) that the correction
for this difference in the average temperature of each
fluid is of such a magnitude that any conclusions drawn
from an inspection of the foregoing table would not be in—
validated by its application.

Comparison of heaters.— The results shown in the
foregoing indicate that the over—all thermal conductance
(UA) of the copper—stainless steel heater using the A7
shroud is 40 percent greater than that of the aluninum—
alloy heater using the same shroud.

'From equation (3) it is evident that the term (U4L) is
independent of the mean effective temperaturc difference
Otnx. It is, however, a function of the average fluid
temperature on each side of the heater inasmuch as it is
a function of the unit thermal conductances on each side
of the heater (the unit thermal conductance fr varies
with the 0.296 power of the absolute temperature for tur—
bulent flow in ducts and over flat plates).

A
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The difference in the over—all thermal conductance
of the two heaters (when using the same shroud) lies main-
"Iy in the difference of the thermal conductivities of the
netals dYsed in the construction of the heaters (the thernal
conductivity of copper is about 36 percent greater than
that of aluninum, while the thermal conductivity of alumi-
num is about ten times that of stainless steel), but the
differences in cross—sectional areas of fluid flow, nunber
of fins on either szide of emsch heater, the respective di-
nensions of these fins, and the difference in the average
temperatures of the f£luids (due to a difference in the
inlet temperature of the exhaust gas) must also be con—
sidered (the unit thermal conductance fo varies as
Tav 96)0

Inspeection of the thermal conductances of the two
heaters using the ciregumferential—flow (A~7) shroud,

which are shown-.in figures 11 and 13, reveals a 40 per—
cent inecrcase in thermal conductance obtained with the
copper—stainless steel heater. An increase of azbout 16
percent, as seen from the predictions, can be ascribed %o
the differences mentioned previously. The relative ef—
fect upon the heat transfer, of the difference in the
crogss—sectional areas of flow can be estinated by refer-
ence to table V, whickh shows a much higher pressure drop
for the heater—shroud combination with the snmaller cross—
sectional area. Inclusion of the heat transfer by radia—
tion and the heat transfer through the stainless steel of
the fins (both neglected in the prediction; see appendix
B for a discussion of the latter) would account for ap—
proximately another 14 percent cof this difference.

The over—all thermal conductance of the copper—stain—
less steel heater uging the TUC~l1 shroud is about 18
Percent greater than that of the aluminum—alloy heater
using the same shroud (see preceding tadble). The pre—
dictions, based on equation (5), indicate that an increase
of about 14.5 percent can be ascribed to the differences
in heater construction, mentioned in the »receding para—
graph. Consideration of the contribution of radiant heat
transfer would decrease the discrepancy, of course. When
the circumferential—flow (A-7) shroud was used on the
copper—stainless steel heater some of the brazing in the
folds of the heater melted and drained out, Consequently,
the heater performance was impaired when the heater was
tested later using the full-crossflow shroud. The de—
crease in heat transfer due to this loss of brazing is the

ey -
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reason for the apparent closer prediction of the perforn—
ance of this heater when tested with the full—crossflow
shroud, '

Comparison of air shrouds.— Comparison of the over—

all thermal conductances obtained with each heater as a
function of the two shrouds indicates that the circun—
ferential—flow shroud has better thernal characteristics
than the full—crossflow shroud. This is to be expected
because the smnaller cross—sectional ares in the circun—
ferential—flow shroud produces a higher weight rate per
unit area, resulting in an increase of the unit thermal
conductance {decrease of tlhe thermnal resistance) on the
side with the controlling thermal resistance. For the
copper—stainless steel heater, the thermal conductance
obtained with the circunferential—flow shroud is about

65 percent greater than that obtained with the full—cross—
flow shroud. For the aluminum—alloy heater, however, the
therial conductance obtained with the circunferential—
flow shroud is about 39 percent greater than that obtained
with the full—crossflow shroud.! This increase in the
thermal conductance is not the sane for both heaters,
nainly because, as mentioned previously, some of the draz—
ing in the folds of the copper—stainless steel heater
nelted and drained out of the folds during the runs while
using the circunferential—flow shroud., Thus, the per—
formance of the heater during the runs with the full—
crossflow shroud was adversely affected.

Predicted performances.— The predictions made for
the copper—stainless steel heater using the A~7 shroud
are on the average within 18 percent of the measured
values, indicating that the nethod used (see appendix B)
is satisfactory for the prediction of the performance of
conposite (bimetallic) fins. The predictions for this
heater using the UC-1l shroud are, on the average, with—
in 14 percent of the neasurecd values.

The accuracy of the predictions of the heat transfer
of this heater can be increased if consideration is given to the
effect of gaseous radiation and radiant exchange between

1It should be noted, however, that the isothermal pressure
drop on the air side, using the circunferential—flow air
shroud, is several times that of the full—crossflow air
shroud when they are used on either of the two heaters
(see discussion of the pressure drop).
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heater surface (about 7 percent increase in the value of

(UA)) and the heat transfer through the stainless steel

_ portion of the fins (about 7 percent increase in the
“value of (UA)),

The aluminum—alloy heat exchanger did not present
the difficulties accomnpanying the analytical treatment
of conposite fins and consequently the predictions of the
thernal performance were accomplished with greater ac—
curacye. The average deviation of the predicted over—all
conductance from the measured values was, on the average,
less than 3 percent using the cricunferential—flow shroud
and, on the average, about 8 percent usmng the full—cross-
flow shroud.

Isothermal Preséure Drop

Pressure drop along the gas gside.— The pressure drop
agrosg the exhaust—gas side of the copper—stainless steel
heater is about 60 percent of that across the exhaust—gas
side of the aluminum—alloy heater. This is due, no doubt,
to the greater cross—sectional area of flow of the copper—
stainless steel heater. The predictions of the isothermal
pressure drop were within 8 percent of the measured value
in the case of the alunminum—alloy heater, and within 30
percent of the necasured value in the case of the copper—
stainless steel heater. The pressure logsgs coefficient X,
defined by -Af—;(i? = X 325“-; was about 0.68 for the alumi-—
aum—alloy heater and about 0.63 for the copper—stainless
steel heater,

rate ¢f ventilating air, the pressure drop using the cir-
cunferential—flow shroud was about ten times that using the
full—crogsflow shroud in the case of the aluminum—alloy
heater and about six times the latter in the case of the
copper—stainless steel heater., The differences in the be-—
havior of the two air shrouds can be ascribed to the dif—-
ference in cross—sectional areas of flow, and also to the
increased losses caused by the turning characteristics of
the circunferential—flow shroud and to the difference in
the length of the flow paths. It nmust be kept in nind,
however, that the use of the circumferential—flow shroud
made possible an increased heat transfer perfornmance.

Pressure drop along the air side.— For the same weight
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Non—isothermal Pressure Drop

The prediction of the non—isothermal static—~pressure
drop fronm the measured isothermal pressure drop, by mneans
of equation (54) of reference 2, was successful in every
case. (See figures 14 to 19.)

Heater Surface Tenperatures

The naxinunm heater temperatures recorded {thermo—
couple located at tip of exhaust—gas side fin near gas
inlet) during the runs on the aluminum—alloy heater (inlet
gas tenperature = 1000° F) were 780° 'F using the circun—
ferential—flow shroud and 867° ¥ using the full—crossflow
shroud, This difference can be traced to the different
flow areas of the shrouds (0.114 for the circunferential—
flow shroud, 0.302 for full—crossflow shroud).

The maxinmum heater temperature recorded (thermocouple
at tip of exhaust—gas side fin) during the runs on the
copper—stainless steel heater (inlet gas temperature
% 1600° ¥) was 1310° ¥ using the full crossflow shroud. No
surface tenperature data were taken on this heater when

using the circumnferential—-flow air shroud.
CONCLUSIONS

1. The over—all thermal conductance of the copper—
stainless steel heater was from 20 to 40 percent greater
than the value for the aluninum—alloy heater.

2. The over—all thernal conductance of the heaters,
when using a circunferential—flow air shroud, was fron
40 to 65 percent greater than the values obtained when
using a full—ecrossflow air shroud.

3., The non--isothermal and isothermal static pressure
drop for this circumferential flow air shroud was from
six to tem times that of the full-crossflow shroud.

4. The prediction of the thermal performance was
within 18 percent of the measured value for the copper—
stainless heater and was within 8 percent for the alumi-
num—glloy heater.

University of Galifornia,
Berkeley, Calif,, December 1943.
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APPENDIX A

The .rate.  of heat transfer of a certain heater at fixed
fiuid rates is altered when the temperature of either fluid
is changed because

(a) The heat rate is a function of the mean tempera—
ture difference (Atpx) " between the two
fluids and

() The unit thermal conductance varies with the
0.296 power of the absolute temperature of . .
the fiuid. (See equations (6), (7), and (8).)

The correction ¢f the heat rate necessary because of
items (a) and (b) in the foregoing can be made according
to equation (46) of reference 2:

Qo = Wacp, (Tg — Ta ) @ (14)

where the term ¢ is the "heater effectiveness' for

crossflow of fluids and is the ratio of the temperature
rise of the air to the tempecrature difference between the
gas and air at the heater inlst,

P = (Taa — TaJ.)/(Tgl ~ Ta,)
The heater effectiveness, @4, is a function of the over-—
2ll thermal conductance (U4), of the fluid rates, and of

the heat capacities of the fluids (see chart, fig., 34 of
reference 2).

If it is desired to predict the heater output at the
different inlet temperature conditions when it is known
for a given set of conditions, then the foregoing correc—
tions must be made.

The correction because of (a) alone may be obtained,
as an approximation, by determining ¢, for the valuse of
the conductance (UA) at the original temperature condi-—
tions, on the basis that (UA) and (consequently) \@x

do not change rapidly as the temperature of the fluids is-~
varied.
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The correction because of (b) can also be made using
the corrected heat transfer rate from (a) to compute the
new average temperatures for the ventilating—air and ex—
haust—gas sides. These values are used to calculate the
new unit thermal conductances.,on each side of the heater.
On the basis of these unit thermal conductances, a new
over—all conductance of the heater is calculated. Then a
better approximation of @, 1is obtained and a new gqg

computed from equation (14). Usually the change in (U4)
(due to item b) is small (f, © T,y%9+296) and the first
approximation to g, (that from the foregoing item (a) is
sufficiently close.

Examples

Compute the new over—all thermal conductance for the
copper—sbtainless steel heater using the circumferential—
flow (4A—7) shroud, when the inlet gas temperature is
lowered from 16009 F to 970° F,

The following data are obtained from the predicted
curve of figure 13:

Wo = 2000 1b/hr

i1

Ve 5650 1b/hr

i

(UA) = 110 Btu/hr °F for Tg, = 1600° F, Tal=950F
Desired:

(UA) for Tg = 970° F, 17Tg = 85

Postulate further that cp, = 0.242 Btu/1v °F,

°p, = 0.271 Btu/1b °F

Obtain a new g¢,, using the following equation

(reference 2) which is based on inlet tempera—
ture conditions:

-

s = Wg cp, (Tg, — Ta,) Px

2000 X 0.242 X (970-95) x 0,197

82,700 Btu/hr

By use of this new qg» the new average tempera—
tures are obtained on the air and gas sides,
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g = Wacp (T4 =T, ) = qg = Wgep, (Tgl —Tg )

ST« ) + e . 82700
2 Waeyp 231 2000 X 0,242
a,

82700 o

Tg,= Tg — = 970 — = 916° F
1 VWee 5650 X 0.271
P,
g
Ta(av) = 323—%~2§ = -184° F; Ta(av) = 644° R
Py :
0 0.1 8
T (av) = 2702 816 . 942° p. 7 _(av) = 1400° R
g 2 &
2 0.29
T, %8 (644) ® = 6.79
Q.28 2]
Tg” %%%= (1400)°:2°¢ = g 55

Thermal conductances
Lir side
l..Unfinned surface

0.896 r;{}g-a

foy, = 5.56 X 107% T,y 4z (6)
W 2000 = 0.8
Gy = 2 = = 18,200 1b/hr £$2; G, = 2560
Ao 0.110
2560
= 5,56 X 10~%*x 8.79x =221,
fcua . 5 1 0.710

= 11.4 Btu/hr f£t2 °F

(fgA)ys = 11.4 X 1.68 = 19,1 Btu/hr °F
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2, Finned surface

G 0.8
fo. = 9.36 X 107% -p,0#%% _2 (7)

Ca lo.ﬂ

W, _ 2000

= = 20,300 1b/hr ft2; B.°° = 2800
Ao g 0.0985

Ga=

= 9.36x 10°% 6.79 =800

£
Ca 0.419

= 42,5 Btu/hr £t® °F

3., Equivalent thermal conductance on alr side
; rel fcP
(feh)gg * B W EcPRA tan A—‘i; L+ (fo4)y,

/42.5 X .0336
v 210X4.87x10-5

= 1674 //42.5X.0336XR1LOX4.87X10~% tanh

X0,0937 -+ 18,9
(fgh)gy = 162 + 19 = 181 Btu/hr OF

— = 0,00552

(fcd)en
Gas side
4 o.zos  Gz°"° D
fo, = 5,56 Xx10"% 1% L (1 + 1.1 =8) (8)
& Dgo.a 2

1 4750
. . X . rx.....____. .086
. 5.56%X3107*%X 8.55 o601 (1, )

40.8 Btu/hr ft2 °F

Hy
e}
il

i

1. Unfinned surface

(fol)ug = 40.8X1.43 = 58,4 Btu/hr °F

2, Finned gurface and‘unfinned surface

TR EoP
(fo4)gg = nW/f.PkA  tanh ngi;- L+ (2o4)yg

/40.8 X 2,06
¥/ 210 X0,00383

= 27/ 40,8X2,06 210 X0,00383 tanh X0,1045 + 58

# (175 + 58) Btu/hr °F
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3. Bquivalent (f,A) on gas side

= = o]
(£,4) gy = 175 + 58 = 233 Btu/hr °F
L = 0.00429
(£c4)oq

Over—all thermal conductance:

; 1

(va) = <fi; - /1 " 0.00552 i 0.00429
- it - ) - + 3 . o
feh/ ea :'ch>eg

102 Btu/hr °F

]

Since the (UA) obtained is so close to that which
was postulated in making the calculation (UA = 110 Btu/hr °F)
the first approximation is within the limit of accuracy
and will suffice.

Hence, it can be said that a change in the average
temperature of the exhaust—gases hag little effect upon
the overwall—-thermal conductance (only 7 percent in this
case). Consequently, if the thermal performance of a heat
exchanger is known for some certain inlet temperature con-—
ditions, an estimate of the thermal performance at some
other inlet temperature conditions can be obtained, with—
out greatly impairing the accuracy of calculation, by
using equation (14) considering only the new inlet temper—
ature conditions., Such procedure neglects any change in
¢y which might be caused by the dependence of (U4) wupon
the average temperature of the fluids flowing through the
heat exchanger,

APPENDIX B

Predictions of the performance of the copper—stainless
steel heater were made by substitution of "eguivalent copper
fins" for the composite fins on the exhaust—gas side., This
idealization is permissible if the following system is vis—
ualized (see sketch); Heat flows from the gas through a
"fluid thermal resitance" into the stainless steel of the
fin, In the stainless steel the heat (considering two—
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dimensional flow only) will flow into the base of the fin
and alsc into the copper core of the fin, The heat flow—
ing into the copper core will flow to the base of the gas—
side fin and then into the fins on the air side. .

? Qout [ ~Stainless steel

Copper fin -, 1» Uin
Ta, I
-
o L -\\ BT TR &
(0.045" | b= o ;‘}“ e s 55~ in
. | ; :
. ’,
4 .
l , QUin
*qout ‘Copper core
Q;l/ch)u air Resistance along stainless stecl sheath

R Y AVAV VoV AV '\/'v‘v\/\/\/\-——»/\/\/‘/\/-l/‘/\/\/vv‘A,—-—] (1 /f A) ens
'e 2
. C &

L AL e NAAAAAAPANAAAA T

. v
a } ARcsistance across gtainless
-’-/‘V’\/\'/\/.\/\ ”“, "'., _. ".\/\'\-’A\/\/'“\ 1\',\""" s t S Cl ShOEL th
(l/fCA)uir(fin) { Resistance of c.pper

corc and copper fin

Thormal cirecuit of above fins (idealized)

If this system is considered as a group of resistances
in series and in parallel, it. will give, as a first ideal~—
ization, for flow to the copper core the fluid thermal re—
sistance of the.exhaust gas in series with the resistance
of the stainless steel. Since the fluid thermal resistance
of the exhaust gas is much greater than that of the stain—
less steel, and these resistances are in series, the latter
resistance may be neglected in calculating the heat flow
to the center of the fin., For flow to the base of the fin,
the resistance of the stainless steel is in parallel with

Rl
[
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the resistance of the copper. Because the sum of the re-
sistance of the conper core and conner fin and the fluid
thermal resistance of the ventilating-air side is nmuch
smaller than the sum of the resistance along the stainless
steel sheath and the fluid thermal resistence of the un-
finned portion of the air side of the heatzr, and since
these sets of resistances srs in parallel, the larger re-
sistance can he neglectzd, as an avproximation, in making-
the computations of the h~at flow through these commcsite
fins. Hence, it may be gzid that the com“051t° fin of
stainless stzel (k = 15 Btu/hr £+t+° (°F/ft)) and covnnear
(kx = 210 Btu/nr £t2 (°F/ft)) may be considered =s nn
"equivalent!" fin of coprner alocne.

The equation for the heat transfer from the finned
surface is valid for fins of firite len~ith with insulated
ends. This equatior can be used because the heat loss
from tanes ends of the air side fins is small in comparison
with that through the sides.

In the equation for the heat transfer from the finned
surfacs, the unit thermal conductance ovser this "equiva-
lent copner" fin would be the same as that over the stain-—

less steel surfacs, but the verimetor, cross—scctional
area and thermal conductivity wouvld be thoszse of ths copner
alone.
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TABLE I -— EXPERIMENTAL RESULTS ON FINNED-TYPE HEATER
ALUMINUM=-ALLOQY UC-1 SHROUD

_ OVERALL |

AIR SIDE EXHAUST-GAS SIDE HEATER ;f::: PERFORMANCE

R | To, | T | AT | Wo | A7 | G2 | Tg | T | B | Wp | 45 | § % Stel! |57 Zn T | Aty | (VA)
NMo. | F | = | r |4 |The a8l | o | o | x| £E | Zede )| K20 wlrlrlrls | | £
20 | 92 206 | it (2290 | 132 | 614 | 1065 | 006 | 59 |5690| /68 | $6.8 | 121 |85 \545 567|870\ 875| 887 | 627
9 B8 |7 | L6 |3/60 248 | 657 | 994 | AT | 47 (|S770 | 77/ |70.8 | L08 735 | o |70 (793|815 835 | L7
0 | a8 |18 | 70 |asi0 | 250 |76/ | 998 | 927 | S/ |5680 | /63 | 756 |99 |~ 675\ — %7\ 775| &850 | @96
12 | 95 |2e9 | /154 /070 |a30 | 399 | 989 | 939 | 50 (38840 | 760 | 506 | 127 |m3|su5|a30|2835 20| 790 | S0 5
/T | 2 |2s8 | 122 (/780 (08F | 326 | 989 | IFT | S50 |IR00 | 760 | SA& | 097 (750|777 195|795\ so5 | BoF | 655
2 | 95 |s85 | 90 |26 176 | 586 | 994 | 935 | 59 |3gm | 752 | 640 | 702 |72 \mo\7s|75) 770 | 725 | 770
77 | 92 |2/6 | 729 |s00 | 236 | 312 | 943 | 87/ | 72 |z050 | 205 | 385 | 127 |é92|7/2 | 725|725\ 730 | 750 | /6
76 | 96 \s89 | 935 (/750 | 286 | 394 | 952 | 867 | 85 (2050 | 200 | d52 | 175 |eso\6s5I6s0|6%0\| 690 765 | 575
/5 95 |68 | 77 (2650|472 |F68 | 968 | 79 | £9 |2050 | Zof | F6 | 02 |&w|625|cH5\645|655 790 593

1




EXPERIMENTAL RESULTS ON FINNED-TYPE HEATER

TZHY *Of YNV VOVN .

TABLE IT -
ALUMINUM-ALLOY A-7 SHROUD
AIR SIDE EXHAUST-GAS _ SIDE MEATER TEMPS. | pONFORNA
/ P Ges Sk | Ges Lol
Run| To, | Tz | aTa | Wa | AR"| % | Ty | Tga | 4Tp| Wy AP@ %, % Shell | FinZip| FinTip| Alm, | (UA)
No. | °F d F #‘ /'/’I‘foe’ agi| o | r| 4 //,20 15,‘-“ r * rdl o~ | b
12 | 94 | 260|766 | 1000 192 | 200| 960 | 875 | 65 | 1800 | 165 | 402 | 100 | 600 | 660 | 695 | 740 | 4
/3 | 94 | 204 | 1o | 1870 | 587 | 496 | 230 | 65¢ | 76 | 1600 | 160 | 360 |075 | 510 | 590 | 620 | 70 | 670
14 | 94 | 176 | 62 | 2660\ /14 | 526 | 926 | 857 | 89 | /80 | 158 | 422 |80 | 460 | 550 | 575 | 746 | 705
9 | 93 | 265|172 | 1380 | 251 | 575 | 100z | 930 | 72 | 3490 | 601 | 648 | 113 | 660 | 790 | 770 | 780 | 737
10 | 92 | 234| 142 1690 | 619 | 650 | 908 | 926 | 72 | 3450| 597 | 65/ | 100 | 610 | 705 | 7O | 790 | S22
11 | 91 | 205 114 | 2660| /110 | 732 |/00T | 922 | 85 | 3450|595 | 76.9 | /05 | s60 | 675 | 705 | 50 | 905
23 | 935 | 237 | re0 | 2280| & | 722| 977 | 930 | 47 | 5760 | /66 | 704 |09/ | 630 | 760 | 70 | 788 | 950
24 | 93 | 794 | s07 | 395023/ | 6| 98/ | 9/3 | 68 |5650| /6.0 | /0/ |/04 | —~ - -~ | doo | 18
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TABLE I — EXPERIMENTAL RESULTS ON FINNED- TYPE HEATER
GOPPER- STAINLESS STEEL UG-1 SHROUD ‘
AR SIDE EXHAUST-GAS SIDE MEATER TEMPS. | QVERALL
Run | To, | Ta | 4T | Wo |28 | % | G | Tg | AT | W | 4B | ¥ | B | 55 At | (UA)
Mo. | F | F | F |4 | P A £ | F | F | L | |52 * ¥ | £
JF 95 |\ 287 | 192 2300} 165 | 707 | /1494 | /E42 | S2 | 3690 /45 | sa/ | o785 | /300 - - | 1280 -4
4 97 | 257 | /60 | 3030| 269 | /17 (/525 | /55 | 70 | s620| /45 | /06 a9 | 260 - - /320 | 59
5 87 | 239 | 152 | 3590 3.5/ | /132 | /530 | /A5 | 79 | S 640 | /£6 |2/ | 0.9/ | /1245 - - /7330 g9
g2 | F8 | 289 | /030 | 040 T20 | /547 | /53 | LF | 2780 | 3.60 | I24 | adL5 | /3/0 - - | r250 | 58
95 F/2 | 277 | /670 | 092 | 876 | /578| 1557 | 27 | 2780 | 362 | 2aF | 23 | /260 - - 7320 66
92 | 253 | 161 | 2660|208 | 102 | 1556|1460 | 96 | 2800| 361 | 728 | a7 |s200| - | - |/320| 78
72 gz 372 | 280 | 7000 | 044 | 677 | /547 | [ASb| JO/ | 2490 | 294 | 69/ | LOZ | /285 - - ‘ /370 2
// g2 300 | 208 | /680 | 0.9/ | 845 | /1538| /HH#2 | 96 | 2570 | 284 | 653 | 277 | /2/0 - - /290 66
/0 95 243 | /50 | 2660 | 206 | 64 | 1538 /420 | /8 | 2570 | 285 | 735 | Q76 | //¥#0 - - 1290 75

£e




TABLE I — EXPERIMENTAL RESULTS ON FINNED-TYPE HEATER
COPPER-STAINLESS STEEL A-7 SHROUD
AIR SIDE EXHAUST GAS SIDE HEATER OVERALL PEREF,
Run | Ta, | Tos | AT | Wo | AR | Fa | Ty | T | 2% | Wy |47 | 0t | Jo | TEMPS. | a7, | (04)
wo | F | F | ¥ |4 |Fhelagte| x| o | | 4p [ Ipche| Lo | r | v |22
/ 105 | 418 | /1T (2130 | /47 | /61 | /569 | /458 | /1 | F2o | 783 |24 | 477 HEATER /260 | /28
2 | /08 | 342 | 236 | 2940 226 | /68 | /564 |/#3F | s3Iy |#20 | 782 | M6 | 87 | TEMPS. |/z280 | /30
~NOT
RECORDED
J 708 | 437 | 329 V 2200 | /3] | /75 | /582 (/A2 | o0 | S650)| /5 | /5T | 287 270 | 178
Ha 207 | I73 | 266 | 2880 | 23.7 | 183 | /582 |/#273 | JOF |S650| /50 | /67 | 29/ 7290 | /92
20 | /09 | 449 | 340 | /400 | 678 | /5 | 1573 |/442 | s31 | 270 | 35 | A58 | aLF /250 | L4
2/ /09 | 395 | 286 | /570 | /18 | 729 | 1573 | /97 | 126 (2700 | X34 | 20| az s260 | /103
23 | /T | 558 | H45 | P00 | 338 | /07 | 159/ | /977 | /1E | 26| F37 | B/ | 278 Ao | 888
22 | r09 | 329 | 220 | 2630\ 223 | /HO | /582 | /1428 | /54 | 2700 | 232 | //F | 0 B0 /290 | /09
24 | //F | 528 | #15 | 990 | 330 | 996 | 1569 | /A5T | //E | /950 | 186 | 602 260 o | SAL
25 | /11 | 437 | 320 | /390)| 6.8/ | /08 | 1565 \ 38 | 13/ | /P70 | £ B3 | 699 065 /230 | S£76
27 | 109 | 305 | 196 | 2630 | 222 | 724 | /556 (/398 | 158 | /970 | 182 | SEL | 068 z20 | 9L£0

*ON WYV YOVK

T2HY



TABLE V - ISOTHERMAL PRESSURE DROP DATA

TABLE VI - ISOTHERMAL PRESSURE DROP DATA

2
a) K defined by Bintr | LI

b} K defined by

Ayho K m

2g
w2
— 0 It
2g

=
Ventilating-Air Side ‘E
T
Exhaust-Gas Side E
= 1]
;:n L) G AP OPYyee + AR :
1b/hr /e 1t2 tn. Hp0 in. B0 | in.H0 | X . v lar | o ¢ | &
Run w G DPy ., | APguct htr htr; :
2 meas. | pred.: Re K [
No. | 1b/hr 1b/hr £t in. Hy0| in.H,0 | in.Hy0! in.B0 )
Copper-Stainless Steel Heater - -
1. Full-crossflow {UC-1) shroud. Copper-Stainless Steel Heater
8
12 1000 3820 0.25 0.08 0.17 3.6 - 1500 10,600 0.28* 0.06 |0.22 | 0.16 18,700 | 0.66
9 2650 10,100 1.38 0.20 1.18 8.5 - 3000 21,100 1.07 0.24 |[0.83 | 0.59 37,400 | 0.63
2 4120 3.41 0.56 2.85 3.5
15,700 - 6000 42,200 4.13 0.97 [3.6 | 2.30 | 74,800 0.60
2. Circumferential-flow (A-7) shroud
- 1000 10,100 2.70 - - 7.8b AluminumeAlloy Heater
- 1500 15,200 6.10 - - 7.9 .
8 1660 15,200 0.59 0.08 0.51 0.48 22,1004 0.77]
- 2500 25,400 17.3 - - 8.0
6 3300 20,300 2.12 0.30 1.82 1.68 44,000| 0.69
Aluminum-Alloy Heater 3 5130 47,000 4,90 0.7 4.19 3.93 68,400} 0.66
1 9170 84,200 18.6 2.50 |13.3 11.8 122,000 O.Sj
1. Full-crossflow (UC-1) shroud
4 1040 3,440 0.28 0.09 0.19 4.9
1 2640 8, 740 1.50 0.22 0.22 5.1 a) For copper-stainless steel heater, values of AP;
so
6 4200 13,900 3.63 0.58 0.58 4.8 were interpolated from plot, figure 19.
2. Circumferential-flow (A-7) shroud '
b) For method of predicting AP,¢., see text.
4 1030 9,030 1.77 - - 6.8° 2
Apht L 2.
18 2270 189,900 7.65 - - 6.1 c) K defined by ——32L « K — =K LIS
o Tre W cxmnmi?
Y 2 g(A* ¥ *3600)
15 4180 36,600 2%8.9 - - 5.6

Se



TABLE VII - NON-ISOTHERMAL PRESSURE DROP DATA

Aluminum-Alloy Heater

Full-crossflow {UC-1) shroud

TABLE VIII - NON-ISOTHERMAL PRESSURE DROP J

‘Ol MMV YOV

Al\iin\n-Alloy Heater

Circumferential-flow (A-7) shroud

b

'

Run ] G T T AP;sol o P;m:—iso non-1so-
1 Z | ave pred. meas.

Yo. | 1b/nr whr rt? | °R | °r (%R [tn.B,0 | in. B0 1n.Hy0
Exhaust-Gas Side

17 - 2050 18,800 1403 1331} 1367| 0.86 2.20 2.05

14 3900 35,800 1454 1295f 1425 3.00 8.22 7.52

10 5680 52,000 1458 1407 1433| 6.00 16,7 16.3

Ventilating-Air Side
13 1780 5,900 552 674 616) 0.72 0.95 0.83
15 2650 8,800 555 628f 691( 1.47 1.77 1.72
9 3160 10, 500 548 634} ©6591| 2.05 2.53 2.48

8) Valuas of AP'“O were intsrpolated from plot of AP'“o vs, Wo of figure 14,

b) Prediction based on equation (13).

T & 1] {3
: P
Run L G 3 Tz Ta'v'e AP0 A Pron’iso APron-130
pred. meas.
Yo. | lb/ar |1b/hr £2] Op °8 | °r n.R0 | InH0 in.H,0
Fxhaust-Gas Side
14 1810 16,610 |} 1386 1297 1342 0.69 1.7 1.58
11 3460 51,800 | 1467 1382 1425 2.47 6.34 5.95
23 5760 62,800 | 1437 1390 1314 6.20 17.0. 16.6
Ventilating-Air Side
12 1000 8,770 | 1014 1180 1097 - 1.70 2.10 1,92
13 1880 16,500 | 1014 1123 1069 5-46 6.24 6.87
14 2660 23,300 | 1014 1096 | 1085 10,5 1.7 11.4

a) Values of AP'y,, were interpolated from plot of AP 1s0 Y8 Wg of figure.16..

1) Prediction based on equation (13).

98

Ten?



TABLE IX - NON-ISOTHERMAL PRESSURE DROP DATA

TABLE X - NON-ISOTHERMAL PRESSURE DROP. DATA -

Copper-Stainless Steel Heater

Full-crossflow (UC-1) shroud

COpper-Stalnle.ss Steel Heater

Circumferential-flow (A-7) shroud

T2H "ON MUY YOV

] b ' a t b t
Run W G T 7 T Ar' OPoon-is0| APnon-iso Run w e T T T ar, OF on-150] PPron-iso
1 2 ave iso 1 2 ave | 1o b
2 - pred. meas. 2 ° o ° - pred. meas.
No. v/he | 1o/hr £t ° | °r °r in.Hy0 in.H,0 in.H,0 No. 1b/hr | 1b/hr £t R R R m.azo 1n.H20 . 1n.H20
Exhaust-Gas Side Exhaust-Gas Side
3 " §690 40,100 1954 | 1902 1928 3.94 15.5 14.5 27 1970 13,900 2016 (1858 1937 0.48 1.78 1.82
9 2800 19,700 2016 1920 1968 0.99 3.88 3.61 20 2700 19,000 2033 1902 . 1967 0,90 3.38 3.35
12 2490 17,600 2006 | 1906 1956 0.79 3.06 2.94 1 4120 29,000 2025 1918 1971 2.00 7.62 7.83
3 5650 39,800 2042 | 1942 1892 3.65 14,2 15.1
Ventilating-Alr Side
Ventilating-Alr Side
7 1030 3,920 552 841 696 0.25 0.45 0.40
11 1680 6,390 . 552 760 856 0.61 0.97 0.91 24 990 10,100 578 988 780 2.65 4.20 3.38
10 2660 10,190 s53| 703 628 1.42 2.05 2.06 20 1390 14,100 569 909 739 5.20 7.60 6.78
21 1870 19,000 569 855 72 9.45 13.3 11.8
22 2830 26,700 569 789 - 679 19.0 24.6 22,3

a) Values of AP"“O were interpolated from plot of 2P'ig0 Ve, W, of Tigure 16.

b) Prediction based on equation (13).

] ) '
a) Values of APhw lpterpolatat.l from plot of AP“O vs. 'a

of figure 17.

b) Prediction based on equation {13},

LE



NAOA ARR No. <H2l Fige. 142,344

Figures 1 and 3.~ Photographs of copper-stainless
steel heater.

Figures 3 and 4.— Photographs of aluminum—-alloy heater.
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Flgure 6.~ Thermal output of the aluminum-alloy finned-type heater,
- .- = . using UC-1 shroud, as a functlon of ventilating air rate.
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Figure 7.- Thermal output of the aluminum-alloy finned-type

heater, using A-7 shroud, as a function of
ventilating air rate.
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Figure 8.~ Thermal output of the copper-stainless steel
finned-type heater, using UC-1 shroud, as a
function of ventilating air rate.
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Figure 9.~ Thermal output of the copper-stainless steel finned-typé
, heater, using A-7 shroud, as a function of ventilating
air rate.
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Figure 10.5 Overall thermal conductance of the alum;num-alloy
finned-type heater, using UC-1 shroud, as a function

of ventilating air rate.
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Figure 11l.- Overall thermal conductance of the aluminum-alloy
finned-~type heater, using A-7 shroud, as a function
of ventilating air rate.
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.. Figure 13.- Overall thermal conductance of the copper-stain-
less steel finned-type heater, using A-7 shroud,
ags a function of ventilating air rate.
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Figiu-e l4.~ Static pressure drop on the air side of the
aluminum-alloy finned-type heater, using UC-1
schroud, as a function of ventilating air rate.
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Fzgure 15.~ Static pressure drop on the air side of the

alunimm-alloy fimmed-type heater, using A-7
shroud as a functlon of ventilating air rate.
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Figure 16.- Static pressure drop on the air side of the copper-
stainless steel finned-type heater using UC-1l shroud,
as a function of ventilating air rate.
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Figure 17.- Static pressure drop on the air side of the copper-
stainless steel finned-type heater, using A-7 shroud,
as a function of ventilating air rate.
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Figure 18.- Static pressure drop on the exhaust-gas side of
the aluminum-alloy finned-type heater, as a
function of the gas rate.
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Figure 19.- Static pressure drop on the exhaust-gas side of the copper-
' stainless steel finned-type heater, as & function of the
exhaust gas rate.
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